Introduction
Fabric mending is a valuable yet frequently overlooked skill that involves fixing various faults that may occur in fabrics. Its applications can be found in a purely domestic context as well as in a textile manufacturing setting. However, due to the current economic and cultural backdrop, this form of needlecraft is on the brink of disappearing, with older generations not being able to pass on their knowledge of the skill. While the demand for the skill is still present in certain settings, such as textile manufacturing mills and smaller scale textile micromanufacturing businesses, the availability of literature and learning resources is limited relating to this particular craft.
The project was carried out in collaboration with a vertical woollen weaving mill, located in in West Yorkshire. The company is proud to be one of the last remaining vertical mills in the UK, meaning that it carries out virtually every woollen spinning and weaving textile manufacturing process on the same premises.
Research aims and objectives
The aim was to investigate and understand the mending process within the industrial context, focussing on woven woollen fabrics, and to produce a suitable tool that could be used to document and revitalise the mending processes and to teach the skill.
To achieve this aim, the following objectives were determined:
Research Objectives
• To perform secondary research regarding mending practice within woollen weaving textile manufacturing industry and why it is needed as well as to pinpoint the reasons for the reduced degree of this practice.
• To interview relevant staff from the mending and burling department at the mill to determine the purpose and the level of mending within the industrial context as well as to learn more about the informants' background and experience.
• To use the findings from primary and secondary research to identify the most efficient methods and principles to teach skills, that could be incorporated in the development of an educational video tool. • To film a video to capture mending processes within the mill to document, revitalize and pass on the skills.
• To create diagrams that could be used to visually simplify the pattern and accelerate the acquisition of pattern recognition skills.
• To test the instructional video tool for its effectiveness and accuracy and evaluate the findings.
Definition of mending
Textile mending is a needle based skill that involves fixing various faults that may occur in fabrics. Its applications can be found in purely domestic context as well as in textile manufacturing setting. Therefore, textile mending may refer to minor repairs that can be performed at home on various textile products as well as to highly skilled, undetectable reconstruction of fabric through invisible mending carried out by professional craftspeople in workshops. This dissertation will primarily focus on mending that occurs in a textile manufacturing setting, specifically woollen weaving mills, where mending is used to repair imperfections that appear during different production processes.
Freshly woven fabrics often have imperfections that occur during various cloth production processes which cause severe profit losses for textile manufacturers. As a result, to comply with the company's set standards, woven textiles undergo a careful inspection process throughout which all weaving defects are marked out and then repaired by hand. This inspection process involves three main operations: perching, burling and mending, with all of them performed prior to textile finishing procedures (Karmakar, 1999) .
Perching
Perching refers to the visual inspection of fabric done by the human eye. The cloth is pulled over the frame, which is made from frosted glass and is simultaneously lit from behind and above to highlight the defects in the fabric. This is an important stage as not only does it assess the quality of the already woven cloth but also helps to detect the origins of the faults within the production line, and therefore prevent them. In order to achieve this, specialists from other production departments should be brought together as soon as possible to evaluate the faults in the piece and discuss how they could be avoided. The fast work pace in perching is crucial, otherwise looms may carry on weaving faulty pieces, adding extra manufacturing costs, labour and time needed to correct them (Lyness and Murphy, 1955) .
The pieces that contain only minor defects can be marked by passing a piece of thread or string through a selvage parallel to the fault. While the manufacturer receives an allowance for a certain number of strings, this still reduces profits for the seller. However, in the cases of large numbers of flaws present within the piece, the fabric may have to be discarded or sold at an extremely low price (King and Lester, 1932) .
Burling
Following perching, the marked cloth is passed on to burlers and menders to repair the fabric defects. Burling can be described as the process of removing any remaining foreign matter in the fabric such as burrs (vegetable matter including leaves, seeds, and twigs), yarn knots or thinning out slubs (lumpy or thick places in yarn). This type of correction is mainly applicable to woollen, worsted, spun rayon and cotton fabrics and is done by hand using tweezers called 'burling irons'. 
Mending
Mending involves the actual repair of imperfections such as weaving in a missing warp or weft yarn with a hand needle and repairing tears as well as small holes. For this task, a needle with a ball-point is used as it is still able to penetrate the fabric structure, but the blunt tip prevents the needle from tearing through the fibres in the weave (Stewart, 2009 ). not perceived as an easy job as it is very hard on the eyesight and has a monotonous nature. Additionally, one account mentions that burlers and menders had a tendency to suffer from bad skin complaints due to continuous action of the forearms passing over the cloth.
The Effect of Technological developments
Technological developments within the textile industry have been very substantial, particularly since 1967, having a huge impact on machine and labour productivity, quality, costs, and services. These technological advances have allowed the modern weaving processes to become highly automated with most of the adjustment mechanisms being controlled electronically. This has enabled many faults to be repaired prior to or during the weaving process without needing to involve the operatives. Therefore, the overall progress in woollen manufacturing technology is directly accountable for the reduced labour and production costs as well as the improved quality of the textile goods (Horrocks and Anand, 2000) .
Why should mending be revitalised and where could it be used?
Traditional crafts and practices rooted in local knowledge and culture are part of cultural heritage and should be preserved and revitalized (Tung, 2012 (Holmberg, 2013) .
Difficulty in articulating tacit knowledge
When asked to explain complex craft techniques, skilled practitioners have a tendency to give brief responses and minimal, oversimpified descriptions of their actions. As these skills or craft practices often involve various elements of internalised tacit knowledge that have been gathered over a long period of time, the craft professionals can be expected to struggle to put it into words.
Additionally, routinely performed tasks seem to be challenging to express verbally as it is not easy to communicate one's actions when the movements follow habitual patterns of execution without thinking (Torell, 2014 One study conducted on children learning origami showed that the instructions presented in the moving image format gave better performance results than those that used still images. Another study evaluated the same media with young adults who were learning to tie knots with scoubidou threads. The results reiterated that the better executions were achieved through the instructions given using video rather than still images. Additionally, it was noted that based on their subjective opinion, the participants considered video instructions to be easier to understand and follow than those that were based on the still images 
The expert informant
In order to determine the purpose and the level of mending within the industrial context, relevant staff from the mending and burling department at the mill was selected and interviewed. The main mending informant, was suggested by the management of the mill and was chosen because of her extensive experience and approachability. The initial meeting was set up to present the project to the management and marketing departments of the mill and to ensure that there was mutual understanding regarding the objectives, expectations and limitations was achieved.
Semi-structured interview
Afterwards, a semi-structured interview was used to collect primary data and to build a foundation for the video planning process. The purpose was to get to know the main informant better and to form an insight into her professional experience. It also aimed to uncover the degree of mending carried out at the mill and the most common fault origins. The format of semi-structured interview was chosen to allow the two-way communication and encourage the informant to lead the discussion, while exploratory indirect questions were asked to guide The interview was conducted using pre-prepared questions and recorded with a Panasonic Lumix G video camera. Table 1 here.
Filming
This research project employed digital video recording and editing methods as digital recording and storage offer superior quality and longevity compared to text materials. Another factor was the accessibility of the format; video recording has become an accessible tool for the non-professional user, which was significant as the researcher was new to the discipline (Shrum, et al. 2005) . situations is helpful to provide an overview of the complete task (Wood, 2005) .
Instructional tool development
The instructional video was developed in order to record and present the craft practice in a format that would endure and be accessible to anybody who wished to learn. The content of the produced instructional video included the informant's description of the job, necessary tools, introduction to woven pattern structure, and the instructions of different mending techniques used in the mill environment. The framework of this instructional tool was carefully designed using the methods that were found to be effective in transferring the tacit knowledge. The findings from primary and secondary research sources revealed two concepts that were advantageous when teaching mending skills to 1. Ability to recognize and follow the woven pattern helped to understand the mending process.
2. The participation of a trainee during the tacit knowledge elicitation process helped the teacher to provide more detailed instructions.
Consequently, design technologies were employed to create visual representations of weave structures that could aid in training woven pattern comprehension. Additionally, the process of teaching a trainee was recorded to reveal additional instructions that were suggested by the informant and situations involving potential problem points.
Video script development
Additional meeting with the informant was arranged to produce a script plan and structure the filming. To achieve this, the following processes were involved:
Identifying the faults
The Systematic Training for Burlers and Menders manual (1970) was used as a reference guide as it contained the list of faults that used to occur during woven woollen cloth manufacture. The informant was asked to discuss the faults on the list of one by one and identify which defects were still occurring within the mill and therefore could be demonstrated. During this process it was reiterated that due to technological improvements the majority of these faults would not occur anymore. The list of faults from The Systematic Training for Burlers and Menders manual (1970) is shown below (Table 2 ) with the faults that still occur at present day highlighted in green. Table 2 here.
Collecting fabric samples
The informant was asked to collect samples that contained examples of manufacturing faults occurring within the mill. The collected pieces were then grouped together depending on the weave pattern and the fault type. 
Planning the filming
A filming sequence Fig. 3 was then determined and used to facilitate and guide the filming process. 
Designing and producing instructional diagrams
As the documented mending instructions were evaluated, it became apparent that the faults and techniques were difficult to see clearly for a non-expert. Also, with the progression of filmed sequences, the demonstrations of techniques would move forward at a predetermined pace, forcing the audience to shift their focus to the new pieces of information. This could cause difficulties in remembering the previous instructional steps (Ganier, Vries, 2016 ). This revealed a need to develop a visualisation tool that would help to dissect and explain the weave structure in a slow and clear manner.
The visual tool was developed using two dimensional woven structure diagrams. These were adapted to mimic the structural representation of faults within the pattern structures and to simulate the step by step stitching actions taken to correct them.
Ordinarily, there are two common methods to represent weave structures: using linear diagrams and canvas diagrams. The former method illustrates warp yarns through vertical lines and weft yarns using horizontal lines Fig. 4 
Discussion
The use of primary and secondary research addressed two leading matters concerning this study. Firstly, it provided a historical, social and technological context to understand the mending role within the manufacturing setting and, secondly, it supplied theoretical and practical principles that could be applied in designing and producing an educational tool for woven textile mending. The qualitative data collected using the semi-structured interview and the recordings of mending techniques was analysed through studying the content and categorising the information to expose the emerging themes. The key points were extracted, evaluated and compared while drawing parallels to the secondary research sources. After a thorough analysis of the primary data, certain themes emerged, which also correspond with the existing academic research and theories. The evaluation revealed that even though the informant was exceptionally good at describing and demonstrating mending techniques on her own, she managed to give more detailed explanations while describing the methods to the trainee.
Teaching through the expert learner
It was noticed that during the demonstrations the informant's actions were efficient, precise and appeared straightforward due to her movements being embedded in her muscle memory. Consequently, even though she was verbally explicit about every single step in her execution, she did not encounter any problematic points and therefore could not explain them. However, once the trainee attempted the same mending techniques, she was struggling with the simplest tasks, such as threading a needle, mainly because the activity was new to her.
Through observing the learner's actions, movements, and the moments that involved hesitation, the informant was able to provide more explicit instructions by pointing out how to hold the fabric, the needle, and the burlers. During the informant's own demonstration, she simply threaded the needle and proceeded However, seeing the trainee struggling with the task of threading, the informant showed a whole new technique, which previously was omitted as it was probably deemed to be too self-explanatory. Noticing the trainee's movements, the informant simplified the task by breaking it into mini steps: first, wrapping the thread around the needle, then forming the yarn into a loop and holding it with the thumb and the forefinger, and finally, pushing the loop of the yarn through the eye of the needle.
Learning through observation and action
The informant had learned her craft by sitting and watching her mother work rather than through an apprenticeship. She explained that the training process 
Understanding the pattern, the fabric structure and the material
In order to be a good mender, the informant emphasised the importance of being able to understand the structure of the woven pattern. She noted that during the training process she would encourage learners to follow the pattern rather than simply count the pick or the end yarns. For example, when explaining the herringbone pattern, she would draw in different colour yarns to emphasize the different pick patterns Fig.8 .
Figure 8 here.
The informant strongly emphasised that mending and burling was to be done before the finishing process, because once the cloth was washed it would shrink and therefore the interference at that stage could ruin the cloth structure 
The development of visual pattern representation tool
Two particular themes aided in the development of the instructional video tool:
the need to understand the woven pattern and teaching through the expert learner. During this research project, it emerged that the ability to recognise the pattern was found to be a crucial element in learning mending skills. Therefore, the development of a suitable visual pattern representation system could be useful in trying to accelerate the learner's acquisition of pattern comprehension skills. To achieve this, linear weave diagrams were manipulated to visually 
Evaluation of the effectiveness of the video
The individuals selected to evaluate the educational tool were textile professionals but not experienced in mending. These were two lecturers in design technology at the University of Leeds and two senior members of staff at the mill. These participants were asked to provide comments on the content of the video regarding the data accuracy as well as its value for teaching tacit skills. The results were summarised, categorised and compared in terms of repetitions in observations as well as consistencies with primary and secondary data. Table 3 presents the findings from the four participants. The observations were grouped into themes and the keywords are highlighted. The findings referred to their experiences while attempting to mend as well as the perceptions of the overall effectiveness of the video. Table 3 here.
The testing results exhibited recurring themes within the feedback which also corresponded with the previous analysis and findings from secondary research.
The results were categorised into the following groups:
Following the pattern
The results strongly supported the notion that recognising and following the weave pattern was highly beneficial during the mending process as well as when assessing the accuracy. For example, Participant A found that she kept assessing the pick she was mending in terms of its position against the one above, aiming to make sure they wouldn't match Fig. 11 . understand how the corrected yarn should appear within the pattern Fig. 15 .
Overall, the testing results confirmed that using still and animated diagrams served as an effective tool in teaching woven pattern structure and mending techniques as well as fault analysis. 
The visibility of the mending piece
It emerged that the part that caused most difficulties for all testing participants was the small scale of the weave structure as all of them were struggling to see the picks and ends, particularly when the darker colours were involved. The leading informant noted that, based on her experience and observations, it was possible to train eyes to adjust to the small scale of the pattern, however she mentioned some menders simply prefer to wear magnifying glasses or goggles. 
Conclusions
Using the research findings, an instructional video was developed in order to document and display the mending craft practice in a format that would endure and be accessible to anybody who wished to learn. The data findings revealed two particular themes that were fundamental in ensuring that effective methods were used to develop the video tool: first, the need to train woven pattern comprehension and second, achieving improved instructions with the presence of the trainee during the tacit knowledge elicitation process.
As the result, a visual tool was developed using two dimensional woven structure diagrams. They were adapted to mimic the structural representation of faults within the pattern and to simulate the step by step stitching actions taken to correct them. These were added to support the informant's demonstrations and explanations in a video sequence. Additionally, the sequences of the informant teaching a trainee were incorporated into the educational video structure as they were found to reveal additional instructions and situations involving potential problem points. The instructional video is now available in the mill shop for any interested parties and also available for all mill employees.
The instructional video is also now being used in the School of Design as an educational tool for undergraduate and postgraduate textile students.
One of the latter group has been sufficiently inspired to undertake a project on the development of a new type of darning mushroom. 
